Abstract-In order to monitor the unmanned aerial vehicle(UAV) around the no-fly zone, we proposed a new unmanned aerial vehicle Early warning method for the no-fly zone (NUCLEI) which gives an alarm to the UAV around the nofly zone in real time. We utilize the least square method to match with the flight trajectory of the UAV in the current period, and then we use the minimum external rectangle (MERT) method to obtain the MERT of the electronic fence. Finally, we calculate whether the tangent line at the current point of the flight path fits curve will intersect with the electronic fence to make the prediction for if the UAV will enter the no-fly zone.
INTRODUCTION
UA V mainly used for reconnaissance, and surveillance plays a very important role in modern warfare [1] [2] . In order to ensure the traffic safety of the airspace and prevent the UAVs around the no-fly zone entering into the area, we proposed NUCLEI, which can report an emergency to all the UA V's around no-fly zone timely and ensure flight safety.
II. RELATED WORK
In recent years, the anti-collision technology of UA V has been studied in depth. With collision region calculated by collision region using a certain threshold value of distance or time, an UA V dynamic collision regional model based on maneuver informat ion of both UA V and the aerial intruder was presented [3] . A modified differential evolution algorith m was proposed to realize format ion reconfiguration without collision [4] . SIR particle filter was used to estimate the state of the intruder [5] . The paper [6] proposed a collision avoidance algorithm for UA Vs based on the Lyapunov method. The keys to the UAV's early warn ing for the no-fly zone are the prediction of UAV flight trajectory [7] [8] and the difficu lty of how to determine whether the UAV will enter the no -fly zone. Trajectory prediction was presented for the movement track of moving target by the linear neural network [9] [10] . The paper compared the algorith m based on α/β/γ filtering, Kalman filtering(KF), and interacting multiple [11] .An improved KF was proposed to estimate the 4D trajectory [12] , which increased the accuracy of trajectory prediction through real-time estimat ion of system noise, but large number of training samples, and a slow learning speed existed. The trajectory prediction based on data mining was studied to calculate out the possible movement trajectory by predicting the dynamic behavior of mov ing objects [13] [14] [15] . Paper [16] reviewed existing trajectory data mining techniques that required an enormous amount of computing and storage space, which cannot be applied at one time.
Through the further study and research, we proposed a method called the NUCLEI to make a warning for all the UAVs around the no-fly zone from another perspective.
III. THE OVERALL DESIGN SCHEME
The NUCLEI main ly solves two problems: the prediction for the UAV's flight trajectory and the solution of whether the UA V will enter the no-fly zone. Aiming at the problem, three innovations are proposed: (1) Give up the end coordinate point and add the new coordinate point; (2) Take full advantage of the tangent line of the UAV current movement point to make a prediction; (3) adopt MERT to determine whether the UAV will enter the no-fly zone. We collect some discrete coordinates include the current movement point of the UA V flight, and employ the appropriate curve fitting method [17] to match with the flight trajectory of UA V during this period. At the next mo ment, we g ive up the end coordinate point and add the new coordinate to fit the new flight curve, in order to predict the UA V flight trajectory continually. Then by calculating whether the tangent curve at the current point will intersect with the electronic fence (if it is, calculate the current distance of the current coordinate point to the electronic fence), it is determined whether the UA V will enter the no-fly zone.
A. The Curve Fitting of UAV Flight Path
Due to the unknown of UAV's motion, it is unreliable and unreasonable to predict the flight path of the UA V just depending on the fitting curve at one time, so we must make a forecast for the movement trajectory at each sampling time:
1) transform d iscrete latitude and longitude coordinates currently into the rectangular plane coordinates in the Gaussplane rectangular coordinate system and store them;
2) use the least square method of curve fitting to fit the flight path of the UAV into a curve to describe its flight path;
3) Give up the end coordinate point and add the new coordinate point to fit the new curve of flight trajectory; 4) Repeat the above steps . It is feasible to use some discrete coordinate points of the UA V flight in the current period of time to execute on curve fitting by the least squares method [18] [19] [20] . The error between the fitting curve and the actual data could be very small in order to achieve the better prediction effect of UAV's flight trajectory.
It is found that taking advantage of the five polynomial function to execute on fitting curve have relatively good results after a large nu mber of MATLAB simulation experiments [21] [22] . So in this paper, the five polynomial function is used to fit the curve of UA V flight trajectory in the period., and in consideration of the computation complexity and the real-time, we have finally selected 10 discrete data points after a lot of simulation experiments, it means n is equal to 10. The steps of using the least square method to predict the flight trajectory of UAV is shown as follows:
1) The first step of the least square method is to take the partial of E^2 with respect to aj(j=0,1,...,m) and can get (1) （m=5）equations: 

There will be 6 equations, a0, a1,..., a5 are 6 unknown variables, so the set of equations are solvable.
2) The second step is to deal with them for the normal equations of a0, a1,...,a5. The final set of equations is as follows. 
 
3) The third step is to solve the mu lti-head linear equations and get the polynomial coefficients(a0, a1,...,a5), then we can get the polynomial function of curve fitt ing. The Gauss elimination method is used to solve the multiple equations. Finally, the fitting curve which can fit the flight path of the aircraft will be obtained.
B. Prediction of Based on Current Point Tangent Line
The next challenge after fitting out the flight path is how to determine whether the UAV will enter the no-fly zone, i.e. whether there is an intersection between the electronic fence and the fitting curve of the flight trajectory of the UAV. The general idea will exist two problems: (1)the curve fitted at the current time may change at the next mo ment, so it is obviously unreasonable to determine whether the UAV will enter the nofly zone only according to the situation that the fitting curve intersects with the electronic fence at the current time d irectly. (2)Considering the varied shape of the no-fly zone, and the requirement of real-t ime, the computational co mplexity of the entire algorithm cannot be too great, which makes the whole prediction is not so easy.
A new idea based on the tangent line of the current point of the UAV flight trajectory was adopted to predict whether UA V will fly into the no-fly zone. In this article from the other point of view, by calculating the tangent line equation of the curve's current point, it can be commendably stated if the UA V has a tendency to fly into the no-fly zone at the current juncture. 
FIGURE III. T HE T ANGENT LINE AT T HE CURRENT POINT V. THE PREDICTION OF T HE UAV ENTERING T HE NO-FLY ZONE
In this paper, we put forward M ERT to determine whether a straight line intersects with irregular graphics: (1) Transform the latitude and longitude coordinates of all the inflection points of the electronic fence into plane coordinates. (2) Calculate the MERT that contains the electronic fence. (3) Predict if the UA V will enter the no-fly zone by calculating directly whether the tangent line of the UA V flight trajectory at the current point intersects with the M ERT of the electronic fence.
A. Obtain the MERT of the Electronic Fence
Taking into account the problems of redundancy and security, we can find the MERT of the electronic fence to take the place of it, by judging directly if the tangent line of the current point intersects with the MERT to predict whether the UAV will enter the no-fly zone.
We can find the convex hull of the electronic fence to get all the enclosing rectangles, and then compare the area of them [23] to get the MERT of the electronic fence. The specific steps are as follows:
1) Get the minimum convex polygon of the electronic fence
We find the minimu m convex polygon of the electronic fence by finding the convex hull of the inflect ion point set of the electronic fence [24] .
For three arbit rary points on the plane p1(x1,y1), p2(x2,y 2), p3(x3,y 3), by calculating the size of the D, it is determined that the loop turns left or right. The size of D will be gotten by the formula (10):
If D<0, the slope of straight line p1p2 is less than the slope of straight line p2p 3, so turning left is the right direction; if D>0, the slope of straight line p 1p2 is greater than the slope of straight line p 2 p3, so turning right is the right direction; if D=0, it means that they are equivalent, the three points are in one straight line. It is shown as follows: 
FIGURE IV. T HREE ARBITRARY POINTS CONSIST (P1,P2,P3) OF THE LOOP T URNS LEFT OR RIGHT
2) Get all the enclosing rectangles of the electronic fence a) Select one side of the convex polygon as the starting side, get the linear equation of the side according to the two vertexes of the edge, and the straight line is denoted by L1, the slope is denoted by k1; b) Find out the point to which the distance from the straight line L1 is farthest from all the vertexes of the convex polygon, which is denoted as px. And find out the linear equation, its slope is also k1 and it go through the point px, and the straight line is denoted by L2; c) Note the left endpoint of the selected side as e, and find out the linear equation, its slope is -1/k1 and it go through the point e, note the straight line as L3. According to the formula of the distance from a point to a line:
find out the inflection point of the electronic fence which is on the left of the straight line L3, and to which the distance fro m the straight line L3 is farthest, it is denoted by py. And then find out the in flection point wh ich is on the right of the straight line L3, and to which the distance fro m the straight line L3 is farthest, it is denoted by pz. Get the linear equation, its slope is -1/k1 and it go through the point py, the straight line is denoted by L4. Get the linear equation, its slope is -1/k1 and it go through the point pz, the straight line is denoted by L5; d) Get the intersection of L4 and L1, L1 and L5, L5 and L2, L2 and L4 respectively, note as A, B, C, D. So the
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rectangle consists of A, B, C, D is the enclosing rectangle that goes through one side of the convex polygon;
e) Find out all the enclosing rectangles. Select the other edges of the convex polygon, calcu late the four vertex coordinates of all the enclosing rectangles and store them repeatedly follow the steps from (a) to (d);
3) Calculate and compare the areas of all the enclosing rectangles of the convex polygon
The enclosing rectangle whose area is min imu m is the MERT of the electron ic fence. The rectangular A BCD is the minimu m enclosing rectangle of the convex polygon. As is shown in Fig 
FIGURE V. T HE RECT ANGULAR ABCD IS T HE MINIMUM ENCLOSING RECT ANGLE OF T HE CONVEX POLYGON
It is important to note that the specific strategy to get point py and point pz is plugging all the inflection points of the convex polygon into the linear equation L3 and Classifying them according to whether the left side of the linear equation is more than 0, there will be two great classes. Then we find out the point to which the distance from the straight line L3 is farthest from the respective classes. That is py and pz.
B. The intersection of the tangent line and the MERT
After obtaining the MERT of the electronic fence, we can make a prediction for whether the UAV will enter the no -fly zone by calculating directly if the tangent line of the current point will intersect with the MERT. 
Set the linear equations of four sides of the MERT:
according to the following formula:
By solving the four equation sets consisting of the tangent equation at the current point and the linear equations of four sides of the MERT, respectively, we can get the coordinates (xi, yi) of intersections P1, P2, P3, P4;
2) Judge whether the intersection points are on the sides of the MERT. Since the intersection points are possible on the extension line of the sides of the MERT, so these points which are not on the sides of the rectangle must be eliminated by the constraint conditions. As is shown in the figure above, eliminate P1, P4, hold P2, P3;
3) Select the intersection point to which the distance from the current point of the UAV is nearest from the points that meet the constraint conditions. Take advantage of the formula by which the distance between two points can be gotten to find the nearest point; 4) Calculate the distance between the current point of the UA V and the nearest points of the sides of the MERT. And that is the distance between the UA V at the current time to the no-fly zone;
VI. SIMULATION EXPERIMENT
In this paper, the key problem is to solve how to fit with the UA V flight trajectory and how to judge whether the UA V will enter the no-fly zone. These two parts will be verified to illustrate the effectiveness of the algorithm.
A. The FItting of the UAV Flight Trajectory
Firstly, the discrete coordinate points of the UAV's flight collected for a current time will be transformed into the Gauss plane coordinates, and reflect the movement trend of the UAV by fitting the discrete points into a curve.
Every ten discrete points are selected to execute on a curve fitting in consideration of high real-time performance, which is required by the UAV's Early Warning after many tests. Moreover, in order to imp rove the reliability of the algorith m, give up the end coordinate point and add the new coordinate point to fit the new curve of flight trajectory again by the least square method while making a new prediction. The two performance are shown as follows:
FIGURE VI. T HE FIT T ING CURVE BY T HE LEAST SQUARES (A)
The small red asterisk represents the discrete points in the Gauss-plane rectangular coordinate system are transformed fro m the coordinates of the GPS. The blue line is the fitting curve of the UAV's flight trajectory by the least squares. It can be seen that the error is small and acceptable. The result states clearly that it is feasible to fit the discrete points of the UAV flight trajectory to predict the movement tendency of the UAV flight.
B. Calculate Whether the UAV Will Enter the No-Fly Zone
In the simu lations, it is imitated how the UA V flies around the no-fly zone in the two-dimensional when overlooked fro m the sky to the earth in the actual situation. The simulation results in FIG VII-A demonstrates that the distance of the UA V to the no-fly zone can be obtained by calculating the intersections that the tangent line intersects with the no-fly zone and selecting the point to which the distance is shortest fro m the current point of the UA V. If the distance is less than the safe distance, an early warn ing will be sent out. The simu lation results in FIG VII-A show that the tangent line of the current point will not intersect with the nofly zone when the fitting curve of the flight trajectory does not intersect with it. It indicates it is relat ive safe in this situation. There is no need to give an alarm. Therefore it can be done to make the forecast at the next mo ment. Certain ly, in the actual situation, it may occur that the fitting curve intersects with the electronic fence but the tangent line does not intersect with it or the tangent line intersects with the electronic fence but the fitting curve does not intersect with it. If these special cases happen, it is useful to combine the results of prediction before and after in a few mo ments to consider whether to send an early warn ing or not. If both at the last mo ment and at the next mo ment the tangents intersect with the no-fly zone, it indicates at least that at this time the UA V is very likely to enter into the no-fly zone, an early warning should be made in good time to inform the operation personnel of the UA V to change it direction of motion.
VII. CONCLUSION
In this paper, we proposed NUCLEI. Firstly, we utilize the least squares method to match with the discrete points of the UA V flight trajectory and obtain the fitting curve ( at the next prediction mo ment, g ive up the end coordinate point and add the new coordinate to fit the new curve repeatedly ). Secondly, we will calculate whether the tangent line of the fitting curve at the current point will intersect with the electronic fence to predict if the UA V will enter the no-fly zone. If it is, we will calculate the distance fro m the UA V at the current point to the no-fly zone and then give an alarm timely. If it is not, we will make a pred iction of the next mo ment immediately. At length, aiming at the situation that the shapes of electronic fences that describe the no-fly zone are not fixed, we proposed the MERT to deal with the problem o f how to determine whether the UA V will enter a no-fly zone, and then we calculate the shortest distance from the UA V to the no-fly zone. At the same time, the feasibility and effect iveness of the method are verified by the simulation experiments.
